INTRODUCTION
Since the first liver transplantation (LT) was performed in 1963, there has been much progress in immunosuppressive therapy, surgical technique and perioperative treatment [1, 2] . With the incidence of infection, bleeding, rejection and other early complications decreasing steadily, more and more liver transplant patients can achieve long-term survival. Beyond allograft-related complications, hepatocellular carcinoma (HCC) recurrence, metabolic syndrome, cardiovascular disease, and renal dysfunction, de novo neoplasms has been one of the leading causes of morbidity and mortality in this recipient population [3] [4] [5] [6] . In the United States and European countries, many authors summarized the clinical data of de novo malignancy recipients. Immunosuppressive drugs are considered the most important cause [7, 8] . Posttransplant lymphoproliferative disorders (PTLD) and skin cancer were the top two types of de novo malignancies [9] [10] [11] .
In China, great advances have been made in the past decade in clinical LT. Up to now, more than 20 thousand LTs have been done all over the country. The recipients' survival rates were 76.46%, 63.76%, and 59.25% at 1, 3, and 5 years after LT, respectively. However, few doctors reported their experiences in treating de novo malignancy and most did so in the form of case reports [12] [13] [14] [15] . In our center, the number of de novo malignancies was also relatively less than the literature. So we retrospectively analyzed the patients' data and compared the incidence of de novo malignancy with those among the general Chinese population.
METHODS

Patients
From May 2000 to December 2012, a total of 547 cases of LT were performed in Peking University People's Hospital. All data were collected from the China Liver Transplant Registry. Excluding cases of early death and loss to follow up, a total of 466 patients were included in this study. Three hundreds and eighty-eight patients were male and 78 patients were female. The youngest patient was 15 months old and the oldest was 72 years old. Indications for transplantation were 371 patients with posthepatitis B cirrhosis, 29 with acute liver failure, 15 with alcoholic cirrhosis, 13 with posthepatitis C cirrhosis, 14 with primary biliary cirrhosis, 9 with Wilson disease, 3 with congenital biliary atresia and 12 others. There were 230 patients combined with HCC. All patients' preoperative examination excluded malignant tumors outside of the liver. The recipients had an average follow-up time of 48.0±30.6 months (the minimum follow-up time was 6 months; the longest follow-up time was 144 months). The general characteristics of the 466 patients were listed in Table 1 .
The grafts included 444 cases of cadaveric donor (95.3%) and 22 cases of living donor (4.7%). All operations were orthotopic LT, including classic LT in 193 cases, piggyback LT in 271 cases and combined liver-kidney transplantation in 2 cases.
Ethics statement
Informed written consent was obtained from patients in accordance with the Declaration of Helsinki. The deceased donor livers were obtained through both social and legal donation. All data were analyzed anonymously.
Immunosuppressive therapy
Before the graft reperfusion during the surgery, all patients routinely received methylprednisolone 500 mg. The patients combined with renal dysfunction were administered interleukin-2 receptor antagonists (Simulect or Zenapax) as induction therapy. Calmodulin inhibitor-based triple immunosuppressive therapy was administered to all recipients. Calmodulin inhibitor was tapered to a small dose maintenance therapy and the target concentration of calmodulin inhibitors for different periods was shown in Table 2 . Liver function and plasma concentrations of calmodulin inhibitor were tested periodically.
Recipients who suffered from infection and those with liver cancer exceeding the Milan criteria were administered glucocorticoid for not more than one week. The other patients' glucocorticoid dosages were gradually reduced until withdrawal in three months after the operation. The specific usage was as follows: during the first seven days, intravenous methylprednisolone was administered, the dose was 240 mg, 160 mg, 120 mg, 80 mg, 40 mg, 20 mg, respectively; 8 to 30 days of oral prednisone 15 mg/day; 31 to 60 days of oral prednisone 10 mg/day; 61 to 90 days of oral prednisone 5 mg/ day. Mycophenolate mofetil (MMF) was also withdrawn 3 months after operation. The specific usage was as follows: the first month 0.75 g every 12 hours, the second month 0.5 g every 12 hours, the third month 0.25 g every 12 hours. For patients with bone marrow suppression or diarrhea, the dosage of MMF was properly adjusted.
Follow-up assessment
The follow-up interval for the LT recipients was 3 months. The focus of check-ups was the monitoring of liver and kidney Peng Ji Gao, et al: De novo malignancy after liver transplantation In LT recipients, the diagnostic criteria of de novo malignant tumors included two items. First, the malignant tumor must have emerged after the LT operation. Second, reoccurrence and metastasis of the HCC should be ruled out.
Therapeutic schedule
Treatment of de novo malignancy was based on the guidelines for tumors in general patients. Surgical treatment was offered to all patients who had resectable tumors with no disease spread at the time of diagnosis. Adjuvant treatments were based on tumor guidelines. Palliative treatment was offered when patients were diagnosed at advanced stages.
Statistical analysis
Statistical analyses were performed by SPSS ver. 17.0 (SPSS Inc., Chicago, IL, USA). The categorical variables were compared by Fisher exact test. The Kaplan-Meier method was used to estimate the cumulative probability of de novo malignancies after LT and patient survival rates after the diagnosis of de novo malignancy. P < 0.05 was considered to be statistically significant.
The incidence rates of malignancy in LT recipients versus the general Chinese population were summarized. Information on the incidence rates of major cancers in the general Chinese population was obtained from the National Office for Cancer Prevention and Control [16] .
RESULTS
There were 14 patients diagnosed with de novo malignancy after LT and the incidence rate was 3.0%. All the patients who developed de novo malignancy were male. The youngest was 12 years old and the oldest was 70 years old. The median time between liver transplant operation and diagnosis of a de novo malignant tumor was 42 months. The minimum interval was 6 months and the maximum interval was 106 months. The cumulative risk for development of de novo malignancy was 1.6%, 2.7%, and 8.2% at 3, 5, and 10 years after LT, respectively (Fig. 1 ).
There were 8 digestive system tumors, 2 lung cancers, 2 urologic neoplasms, and 2 hematologic malignant tumors (Fig.  2) . Nine patients came to see the doctor for clinical symptoms. Five patients were diagnosed during periodic check-ups. These patients underwent aggressive treatment, including surgery, chemotherapy, and TACE (transhepatic arterial chemotherapy and embolization), except for one patient with an aggressive primary liver cancer. Each patient's details can be visualized in Table 3 .
During a mean follow-up period of 24±25 months (range, 2 to 96 months) after the diagnosis of de novo malignancy, 7 patients (50.0%) died. Survival analysis showed 1-, 3-, and 5-year survival rates of 62.3%, 54.5%, and 54.5%, respectively. The development of de novo malignancy has no statistically Peng Ji Gao, et al: De novo malignancy after liver transplantation Table 4 ). The incidence rates of malignancy in LT recipients versus the general Chinese population were summarized in Table 5 . The relative risk of malignancy following LT was 9.5 folds higher than the general Chinese population (Table 5) .
DISCUSSION
As reported, de novo malignancy has been a major cause of death in organ transplantation recipients [17] . The morbidity of de novo malignancy is 1.5% to 15% as reported [18, 19] . In China, Zhu et al. [12] reported an incidence rate of 0.9% and Zhang et al. [13] reported an occurrence rate of 0.6%. In our sample, the prevalence rate of de novo malignancy after LT was 3.0% at a mean follow-up of 24 months. Based on the results of this single-center study, the relative risk of overall malignancy following LT was 9.5 folds higher than the general Chinese population.
The cumulative risk for development of de novo malignancy was 1.6%, 2.7%, and 8.2% at 3, 5 and 10 years after LT, respectively. The lower morbidity rate and cumulative rate in our center compared to global levels may be due to the relative lower maintaining concentration of calcineurin inhibitor. In our center, 3 ng/mL is the recommended maintaining concentration of tarcrolimus in long-term survival recipients, which is much lower than the recommended concentration of western countries. No acute rejection was found in long-term survival recipients.
De novo malignancy development after organ transplantation can be influenced by many factors, such as environment, genetics and tumor-associated viral infections. In LT recipients, the immunosuppressant may be the most important risk factor [7, 8, 19, 20] . The application of immunosuppressants successfully prevents rejection and improves survival rates, but in the longrun it places the body in an immunocompromised state (particularly regarding cellular immunity). Cellular mutations are more likely to evade the immune system's surveillance. In order to prevent organ rejection in LT recipients, we chose to minimize the amount of calmodulin inhibitor and withdraw glucocorticoid as soon as possible to reduce the risk of de novo malignancy.
Viral diseases after LT can also induce cancer. As reported in the literature, PTLD were related to Epstein-Barr viral infections, and skin cancers have been related to herpesvirus 8 infections [21] [22] [23] . In our group, we did not find skin cancer and the patient suffering from Bukitt's lymphoma had no history of Epstein-Barr viral infection.
Peyregne et al. [24] reported there were gender differences for the incidence of de novo malignancy post LT and the incidence in males was significantly higher than that in females. This group of patients had similar results. All the patients diagnosed with de novo malignancy were male, suggesting that gender might indeed be correlated with the occurrence of de novo malignancy. In view of the significantly higher number of male recipients in our sample and the statistic analysis result, the relation between gender and de novo malignancy still requires further analysis.
In western countries, the most common type of de novo malignancy after LTs are skin cancer and PTLD [3, [7] [8] [9] [10] [11] , while solid organ tumors are relatively rare. The occurrence rate of skin cancer is reported as 0.5% to 8.7% [3, 11] . In China, most de novo malignancies after kidney transplantation are urologic tumors, and skin cancer and PTLD are rare [25, 26] . Our sample mainly included digestive system neoplasms and there was no skin cancer. In view of the incidence of skin cancer in Western countries being significantly higher than that in China and the central importance of recreational sun exposure to the development of skin cancer [27] , we thought that genetic differences as well as differences in lifestyle might be the prime causes of the difference in skin cancer occurrence between China and Western countries.
To make a diagnosis of de novo malignancy after LT, we should confirm the diagnosis of malignant tumors and exclude pretransplant lesions and the recurrence of liver cancer. The imaging and pathology results were very useful. In our sample, all the patients were diagnosed by clinical examination and 13 of them received their pathological diagnosis through surgical resection or biopsy.
For the patients with liver cancer before LT, when the liver lesion was found during a follow-up, we tried to identify whether the lesion was a tumor recurrence or a de novo tumor. As reported in the literature, most HCC recurrence occurred in the first 2 years and de novo malignancy was more common in more than 5 years after LT [4] . We thought that the interval between LT and the lesion's diagnosis, the AFP levels before and after LT and the pathological examinations, were useful tools to differentiate the tumors' origin. There was one patient with a high AFP level who received an LT because of HCC. During the first 5 years, there were no signs of recurrence. But in the sixth year, a CT scan revealed a massive HCC, while the serum AFP level remained normal. Because the lesion was not suitable for resection, we did not get a pathological confirmation. Taking the onset time of the tumor and the AFP level into account, we made the diagnosis of de novo liver cancer. The other patient with pretransplant HCC revealed a lesion in the graft after 91 months. Hepatectomy has been done and the pathological examination confirmed the diagnosis of de novo HCC.
As with ordinary tumors, the de novo solid tumor after LT should be removed by operation if there is an opportunity. Reducing the dosage of immunosuppressive agents is an important remedy, which may be useful to improve the antineoplastic immune effect. As reported in the literature, rapamycin has antitumor effects [28] . When the diagnosis of de novo malignancy was confirmed, we could administer rapamycin to the patients to replace tacrolimus or cyclosporine. In our study, there were 10 patients who accepted to undergo surgical resection. Seven patients did not show any sign of recurrence up to now and another 3 patients died of tumor recurrence.
In conclusion, although the cumulative risk of de novo malignancy is lower in our center than that of western countries, the LT recipients had a significantly higher risk of malignancy than the general Chinese population. Digestive system tumor is the most common type of de novo malignancy after LT in China. The onset risk increased with longer survival. Therefore, regular serological and radiographic screening for early diagnosis should be recommended for long-term survival patients. Early treatment might be the only way to improve the prognosis.
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